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PREFACE 


In this current technological disruption, emerging technologies such as robotics 
and artificial intelligence (Al) have demonstrated huge potential across different 
industry. "Robotic Intelligence: The Coming Wave in Healthcare" explores 
the interconnection between human-driven healthcare delivery system and 
robotic advancement that will aid modern healthcare delivery. 


There is going to be an innovative shift from the traditional healthcare delivery 
system as we know to Artificial Intelligence (AT) - driven robotic system as the 
new game changer with robots now seen in the healthcare line to provide 
seamless assistance in carrying out surgeries (robotic surgery), robotic hair 
transplant, robotic endoscopy, robotic radiotherapy etc and robotic assistance 
for the elderly etc. All these robotic possibilities are possible with the use of 
artificial intelligence that enables machines to learn and carry out medical 
procedures and task with precision and efficiency. 


This book is structured to guide you through the various angles of this 
revolution and how robotic intelligence is transforming various sectors, from 
manufacturing to healthcare, from logistics to rescue operations etc. 


"Robotic Intelligence: The Coming Wave in Healthcare" is not just a book 
about robotic technology; it is a guide to navigating a future where human 
ingenuity and machine precision converge. As we stand on the brink of this new 
era, our ability to collaborate effectively with robotic intelligence will define 
our SUCCESS. 


This collaboration promises not only to enhance productivity and economic 
growth but also to open new frontiers of possibility. The future of human- 
machine collaboration is not a distant dream but an imminent reality. 


Let us embark on this journey together, understanding the science, embracing 
the shift, and positioning ourselves to harness the full potential of robotic 
intelligence. 


I have written this book in a concise and creatively curated style for interesting 
and stress-free reading within a short time! I have said so much with pictures 


and few words in few pages. What you have in your hand or smart device is 
my years of research, exposure and experience through personal research, 
delegate in tech conferences, tech shows, tech exhibitions and travel on how 
emerging technologies are shaping and disrupting our modern ecosystem pre- 
covid and post-covid. 
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arly in January 2024, I published an article “AI IN 2024 AND 

BEYOND: INDUSTRY DISRUPTION AND PREDICTIONS” which 

centres on the industry disruption and predictions for 2024 that will be 
triggered by Al across most industries. Number 7 among the list of my 
predictions is the rise of “Robotic Possibilities”. 


I predicted AI will power many amazing robotic possibilities and how the 
impact will be felt across the healthcare, logistic, manufacturing, transport, 
and even social care sector. With emerging technologies like artificial 
intelligence and robotics, we can imaging a future where man and machine will 
be integrated into all industries. This is the new reality ahead. 


No doubt, technology is the major solution that can deliver this for us as such a 
time as this. Among the current cutting-edge and emerging technologies on 
ground at the moment, Robotics (Robotic intelligence) is gradually 
distinguishing itself as a promising technology for the aging population. 
According to Jensen Huang the CEO of NVIDA "The next wave of AI is 
physical AI (Robotics). AI that understands the laws of physics. AI that can 
work among us, everything is going to be robotic. All of the factories will be 
robotic. The factories will orchestrate robots and those robots will be building 
products that are robotic.'' This has been established to be true as we have seen 
some recently launch robots designed and trained to perform and out-perform 
human beings in domestic and industrial task at home and at work place. 


According to Boston Consulting Group (BCG) in 2021, “the global robotics 
market is predicted to climb from about $25 billion this year to between $160 
billion and $260 billion by 2030, with market share for professional services 
robots hitting up to $170 billion and industrial and logistics robot sales 
topping off at about $80 billion”. Also according to statista, “the Robotics 
market, worldwide, is expected to witness a significant growth in revenue, 
reaching a projected value of US$38.24bn by the year 2024”. Among the 
different segments within the market, Service robotics is anticipated to 
dominate with a projected market volume of US$28.93bn in the same year. This 
is a huge potential for industry players and investors. 


The global robotic race is unfolding at a faster rate than we can imagine. 
According to according to the World Robotics 2023 report, presented by 


International Federation of Robotics (IFR) reported that the top most 
automated countries measured by robot density are Republic of Korea (1,012 
robots per 10,000 employees), Singapore (730 units) and Germany (415 units). 


On a global scale the economies of Korea, Singapore, Japan, Mainland China, 
Hong Kong and Chinese Taipei all rank within the top-ten most automated 
countries. The European Union has a robot density of 208 units per 10,000 
employees with Germany, Sweden and Switzerland ranking in the global top- 
ten group. North America's robot density is 188 units per 10,000 employees. 
The United States is among the top-ten most automated countries in the 
manufacturing industry. 


Before taking a deeper dive on this journey, let’s quickly establish some simple 
definitions of some key terms which are important as far as emerging 
technologies is concern in this subject: 


Artificial Intelligence (AI): 


Al is a broad field of science that involves creating systems that can perform 
tasks that usually require human intelligence. Such task could be learning a 
pattern, reasoning, language understanding, problem-solving and perception. Al 
is divided into two main types such as: 


Narrow AI: An AI system designed to perform a specific task which could be 
language translation or facial recognition like we have in most Al-powered 
smart phones. 


General AI: This refers to a more advanced form of Artificial Intelligence (Al) 
that can handle any intellectual task that can be performed by humans. 


Machine Learning (ML): ML is a subset of AI that involves training 
algorithms to learn from data sets to make predictions and decisions or outcome 
based on the data set it has been trained on. Their decisions become better or 
improved as they are exposed to more data. 


Robotics: Robotics is a branch of engineering and computer science that deals 
with the conception, design, construction, operation, and use of robots. Robots 
are physical machines that can perform tasks autonomously or semi- 
autonomously. While robotics often incorporates AI to enhance a robot’s 
capabilities, not all robots use AI. The objective of the robotic space is to create 
intelligent machines that can assist or collaborate with humans in different 
levels across different industry such as manufacturing, logistics, agriculture, 
healthcare, education, construction, etc. 


THE SCIENCE: 


Machine learning is used in robotics to train robots and improve their 
functionality and accuracy. On the other hand, Al is deployed to teach robots 
functions like motion control, computer vision, grasping object, spatial relations 
etc. 
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ROBOTIC SURGERY 


his is a huge breakthrough for the healthcare sector by enabling 

minimally invasive surgery procedures with a high level of precision 

and control where surgeons are trained to control robotic arms to carry 
out surgical operations with smaller angle incisions on patients. This has led to 
greater patient outcomes. 


Furthermore, according to a New Scientist publication edition in May 16th, 
2024, surgeons can now instruct robots to help in suturing using Al chatbot. 
In simple terms, a virtual assistant for surgeons translates text prompts into 
commands for a robot to carry out surgical task during surgical operations. 


Recently, Chinese doctors demonstrated robotic possibilities within the 
healthcare space by performing the first-of-its-kind remote robotic surgery. 


A skilled Chinese medical team achieved a pioneering milestone by performing 
a remote robotic surgery during a practical frontier conference on Friday, June 
7, 2024. Led by Zhang Xu, a distinguished academician from the Chinese 
Academy of Sciences (CAS) and director of the urology department at the Third 


Medical Center of the People's Liberation Army (PLA) General Hospital, the 
team executed the surgery simultaneously in Rome, Italy, and Beijing, China. 


Zhang carried out this operation with a self-developed remote surgical robotic 
control console from Rome, while the robot in Beijing's PLA General Hospital 
precisely carried out his instructions on a prostate cancer patient, according to 
the South China Morning Post. This surgical procedure was successfully 
conducted beating a geographical distance of approximately 8,100 kilometres. 


This is indeed a landmark breakthrough demonstrating the power of emerging 
technologies like robotics in delivering borderless healthcare. This is true as the 
Chinese doctor was able to perform a remote robotic surgery on a patient in 
Beijing while being in Rome, Italy. The surgeon managed to execute a live 
transcontinental remote robotic surgery while in Rome. This telesurgery was 
carried out through a procedure that uses a surgical console and a set of robotic 
arms. This is one of the possibilities of emerging technologies to serve people 
living in inaccessible areas during worldwide emergencies and pandemics. 


On 13th July, 2024, another groundbreaking remote robot-assisted lung cancer 
surgery was successfully completed at the Second People's Hospital of Kashi in 
Northwest China's Xinjiang Uygur Autonomous Region in collaboration with 
the Shanghai Chest Hospital On Saturday. This surgery is indeed a positive 
milestone in the advancement of domestic robotic thoracic surgery technology, 
breaking through spatial and geographical limitations and allowing more 
patients to benefit from China's "smart" advantages. 


The surgical procedure which was led by Professor Luo Qingquan, a renowned 
expert in robotic thoracic surgery from the Shanghai Chest Hospital, with a 
team of assistants led by Chen Tianxiang, vice president of Second People's 
Hospital of Kashi, who is also on staff at the Shanghai Chest Hospital to support 
Xinjiang. Supported by other technologies like the 5G network, the expert team 
from the Shanghai Chest Hospital remotely controlled a domestic 5G remote 
surgical robot in Kashi, successfully removing a lung tumour from a local 
patient 5,000 kilometres away. 


During the surgery, Professor Luo operated the robot from the surgical console 
at the Shanghai Chest Hospital, using a 3D display screen and a master 
controller to see real-time images of the patient's chest cavity and precisely 
manipulate the robot arm for the operation. The surgery itself lasted a full hour 


before being successfully concluded. This is another evidence of robotic 
technology helping to curate a borderless healthcare solution. 


According to a report by Ai research, a hospital in Saudi Arabia has been seen 
to achieve Major Milestone in Robotic Cardiac Surgery. King Faisal Specialist 
Hospital £ Research Centre (KFSH&RC) in Saudi Arabia has completed 400 
robotic cardiac surgeries since February 2019, achieving a 98% survival rate 
and establishing itself as a global leader in robotic cardiac care. 


The Details: 


e KFSH&RC initiated its Robotic Cardiac Surgery Program in 2019, 
beginning with 105 procedures in the first year. 

e The program has successfully performed 400 surgeries with a 98% 
survival rate, showcasing significant improvements in patient outcomes. 

e Benefits of robotic surgeries include reduced blood transfusions, shorter 
mechanical ventilation times, and faster patient recovery. 

e Hospital stays have been reduced by over 50%, leading to a 40% decrease 
in overall costs compared to traditional methods. 

e The hospital is notable for performing robotic surgeries on high-risk 
patients, including children, and remains the only facility globally to do 
So. 


Why This Matters: This milestone not only underscores KFSH&RC's surgical 
expertise but also highlights the growing adoption of robotic surgeries, setting a 
new standard for patient care and surgical innovation worldwide. 


Da Vinci Surgical System is also revolutionizing the healthcare sector with 
robotic-assisted surgery and robotic-assisted lung biopsy with the Ion 
bronchoscopy system: Widely used in hospitals worldwide for minimally 
invasive surgeries like prostatectomies and cardiac valve repair. 


MAKO SmartRobotics is redefining the surgical space using their Robotic-Arm 
Assisted Surgery for knee and hip replacement surgeries. 


MicroSure's MUSA-3: This robotic system is designed for microsurgery, 
enabling precision at a microscopic level during surgery. MUSA-3 allows you 
to suture with very high precision. It also possesses exceptional dexterity and 
stability, allowing you to navigate various wound plane orientations with ease. 


When wound planes are more vertically oriented, it becomes challenging for 
surgeons to rest their hands on supportive surfaces and stabilize their 
movements. However with MUSA-3, complex manoeuvres are performed 
without the need to rely on external surfaces for hand stability. 


These unique features empower the robot to perform complex manoeuvres on 
challenging wound surfaces, making it the ideal choice for a wide range of 
surgical procedures. 


ROBOTIC EYE SURGERY 


Surgeons of University Hospitals Leuven have been the first to operate on a 
patient with retinal vein occlusion using a surgical robot. Operated by an eye 
surgeon, the robot uses a needle of barely 0.03 millimetres to inject a 
thrombolytic drug into the retinal vein of the patient. KU Leuven (University of 
Leuven, Belgium) developed the robot and needle specifically for this 
procedure. 


The operation was successful and is a real world first: the procedure shows that 
1t is technically possible to safely dissolve a blood clot from the retinal vein 
with robotic support. A phase 2 trial now has to show what the clinical impact is 
for patients with retinal vein occlusion, a disorder that can lead to blindness. 


ROBOTIC ADVANCEMENTS IN LAPAROSCOPIC 
SURGERY 


World's First Magnetic Robotic-Assisted Surgery has been performed with 
Levita Magnetics’ Newest Platform known as the Levita® Robotic Platform. In 
its first case, this magnetic robotic platform was used to carry out a reduced- 
incision laparoscopic cholecystectomy (gallbladder removal) completed by Dr. 
Ignacio Robles, a minimally invasive surgeon at Clínica INDISA in Santiago, as 
part of a current clinical study of the system in Chile. 


The Levita® Magnetic Surgical System enables surgery to be carried out with 
less pain, faster recovery rates and fewer scars for patients. According to 
levita.com, the platform is intended to improve visualization, maintain surgeon 
control of instruments, and increase hospital efficiency with fewer assistive 


personnel required to conduct the procedures. With its compact footprint, the 


robotic platform is specially designed for high volume ambulatory or same-day 
discharge abdominal surgeries. 


The system, which consists of an external magnet placed on the skin that 
controls a shaftless detachable grasper, enables instruments to move without the 
constraints of a fixed-position pivot point. 


MOLECULAR ROBOTICS (Nano-robots) 


With the advancement in emerging technologies like nanotechnology, 
molecular robotics involves the manipulation of matter at an atomic or 
molecular scale using microscopic robots that contains DNA which can 
perform task within living cells or at a nano-scale level. This advancement in 
robotics is creating some healthcare possibilities like targeted drug delivery to 
targets body cells through blood vessels, precise surgical procedures, tissue 
repair etc. 


Latest Research breakthrough: 


Indeed, 2024 as I have predicted in my thought leadership article in January 
2024 is a year of Robotic possibilities as has birth the beginning of hope 
towards fighting cancer. Researchers from Karolinska Institutet in Sweden have 
developed nanorobots that kill cancer cells in mice. The robot's weapon is 
hidden in a nanostructure and is exposed only in the tumour microenvironment, 
sparing healthy cells. Nanorobots made of DNA are attacking tumours! 


Nanorobot with hidden 
weapon kills cancer cells 


The nanorobot's weapon can only be exposed in the acidic environment found 
in and around a solid tumour. Illustration: Boxuan Shen 


According to Professor Björn Högberg at the Department of Medical 
Biochemistry and Biophysics, Karolinska Institutet, Sweden, "If you were to 
administer it as a drug, it would indiscriminately start killing cells in the body, 
which would not be good. To get around this problem, we have hidden the 
weapon inside a nanostructure built from DNA.” With this in mind, the 
nanorobots are design with hidden weapons to destroy the cancer cells. Robot's 
weapon is hidden in a nanostructure & exposed only in the tumour 
microenvironment, sparing healthy cells. 


These tiny robots, described as being equipped with "lethal weapons," have 
shown the ability to stop tumor growth in mice while leaving healthy tissue 
unharmed. Professor Hogberg further explained that the nanobots use a 
specially designed structure to position ‘death receptors' on cancer cells, 
triggering their destruction. This structure, made up of six peptides (amino acid 
chains) arranged in an hexagonal nanopattern, serves as the "lethal weapon." 


According to the team, during the preliminary tests, the nanorobots were able to 
reduced tumor growth by 70% in mice with breast cancer, compared to those 
treated with an inactive version. The research team is hopeful that this cutting- 
edge method could pave the way for less invasive and more precise cancer 
therapies in the future. 


Yang Wang, the study's principal author and a researcher at the Department of 
Medical Biochemistry and Biophysics at Karolinska Institute, notes that the 
next step is to determine if this approach is effective in more advanced cancer 
models that better replicate human disease. "We also need to assess the 
method's side effects before moving to human trials," he adds. 


The researchers are also looking into other methods to make the nanorobot more 
precise by adding proteins or peptides to its surface that can specifically bind to 
particular types of cancer. This I believe is a possibility in no distant future as 
researchers and scientist continue to explore the various possibilities that 
emerging technologies bring to the healthcare space. 


This work received funding from the Knut and Alice Wallenberg Foundation, 
the European Research Council (ERC), the Swedish Research Council, and the 
Academy of Finland. 


ROBOTIC PROSTHETICS 


These are artificial limbs that use advance robotic technology to be able to act 
like almost exactly like the human limbs with a high level of accuracy. They are 
controlled by the human muscle signals or neurone. They are able to respond to 
the individual intentions. The individual can even experience a sense of touch 
with objects they hold or grip. Robotic prosthetic is a major hope for people 
with physical disabilities or amputation. 


DEKA Arm System: The DEKA Arm System is a prosthetic arm and 
accessories used to create full extremity prosthesis for individual with partial or 
full upper limb amputation. The device is used to assist in daily living (ADLs). 


Open Bionics' Hero Arm: À multi-grip bionic arm available for amputees, 
especially children. 


ROBOTIC EXOSKELETON (Rehabilitation Robots) 


They are wearable devices that integrate advance robotics technology into a 
supportive frame to be worn by a human which is meant to provide support for 
movement and strength to perform task like movement, or lifting task. The 
healthcare space is engaging robotic exoskeleton to provide mobility for 
patients who are battling with physical disability or mobility issues. 


EksoGT Exoskeleton: Helps patients with spinal cord injuries and stroke to 
regain mobility. The suit’s patented technology provides the ability to mobilize 
patients earlier, more frequently and with a greater number of high intensity 
steps. To date, this device has helped patients take more than 41 million steps in 
over 115 rehabilitation institutions around the world. 


Atalante X: Kevin Piette walked through the streets of Paris while carrying the 
Olympic flame at the Paris 2024 Olympics 一 thanks to a genuinely awesome 
robotic exoskeleton exo-suit Piette wore known as "Atalante X"s designed by 
Wandercraft a French based company. 


This exoskeleton suit according to Wandercraft is the first and only self- 
stabilizing exoskeleton in the market for personal everyday use to help impaired 
people walk hands free in their own communities. 


Lokomat: Lokomat is a robotic gait system device that helps patients with 
walking disabilities or patients with neurological conditions to train their lower 
extremities in a physiological and efficient way. The Lokomat device is a 
robotic treadmill system, shaped to physically support you whilst you exercise. 


Other innovative solutions in rehabilitative robots making waves in healthcare 
ReWalk Robotics, SuitX’s Phoenix etc 


MIND-CONTROLLED ROBOTS (Brain computer interface 
BCI) 


It’s a fusion of robotic technology with neurology or neuroscience where the 
robots are controlled by the individual brain signals; giving it its desired 
commands. This control is without any form of physical input or movement but 
just with its advanced brain computer interface that helps to translate the 
individual’s neural activity or thoughts into a command for the robot to carry 
out. This robotic technology is of great advantage to individuals with mobility 
impairment, paralysis or stroke to gain some form of independence using their 
brain. 


SOFT ROBOTICS 


With an improved advancement in robotics, there has been a better design of 
robots away from the usual rigid or metallic designs of robots which may be 
limited in deployment for some tasks as they may pose a risk of injury or 
damaged to delicate or fragile products or objects. With soft robotics we now 
have robots made from rubber, fabrics and silicon that make these robots soft 
and flexible. Because of its soft nature they are being engaged in health care to 
perform “Robotic surgery” to perform minimally invasive surgery. They are 
also deployed for search and rescue operations that rigid robots cannot access. 


Soft robotic devices have great potential for medical device applications that 
warrant safe synergistic interaction with humans. For example, researchers have 


developed soft surgical instrumentation and compliant robotic catheters that are 
intrinsically atraumatic. A compelling application of this robotic technology is 
in assistive medical devices that warrant synergistic interaction with humans. 


Recently, soft robotic devices have been proposed for cardiac assistance with 
soft robotic implant that can resuscitate and augment cardiac function based on 
a bio- inspired soft actuated material. This is a progressive alternative effort to 
the current therapies for treating for treating heart failure (HF). 


THE RISE OF ROBOTIC PILLS (PILLBOT) 


PillBot is a wireless robot to go inside the human body 


Motorized Multi-layer flex 
circuit 

Remotely 

maneuverable 


Small enough to 
swallow 


Live video 


transceiver 


PillBot is a tiny 13mm by 30mm swallow-able robot designed to be easily 
swallowed by patients for an improve gastrointestinal examinations and internal 
health data collection. It navigates through the gastrointestinal tract and 
provides detailed imagery of the inner body. The device comes with a state-of- 
the-art camera system that is capable of capturing high-resolution video at 2.3 
megapixels per second. The video feed is relayed wirelessly to a computer or 
mobile device in real time offering a live, in-depth view of a patient’s digestive 
system. 


Perhaps, the standout aspect of this robot is that unlike traditional endoscopy, it 
is non-invasive (a procedure that does not require inserting an instrument 
through the skin or into a body opening e.g. X-ray, Ultrasound) and easy to use. 


While conventional procedures require a visit to the hospital, the PillBot allows 
for such examinations to take place in the comfort of the patient’s home. This 
disruptive technology could potentially eliminate the need for costly hospital 
visits and make diagnostics convenient. 


The development is significant as it could transform the healthcare space, 
especially in non-invasive diagnostics (X-ray, Ultrasound). 


DIAGNOSTIC ROBOTS 


They are automated systems that aid medical practitioners to identify and 
analyse medical conditions through the interconnections of advance or 
emerging technologies like AI, machine learning, robotics and sensor 
technologies. A good example is the robotic endoscopes used for external 
examination bronchoscopies and colonoscopies to detect abnormalities within 
the body. 


We now have robotic endoscopes systems (check out Flex robotics, 
Endomasters etc), 


EndoMaster: A robotic endoscopy system used for minimally invasive cancer 
treatment. 


Biobot Surgical System: Assists in robotic-guided prostate biopsies. 


Pathfinder diagnostics robots: They are used in pathology labs to automate the 
analysis of tissue samples and detect abnormalities like cancer cells. 


X-ray and MRI Diagnostic Robots: They capture and use AI to analyses 
detailed images of interior body parts in order to detect fractures or tumours). A 
good example is viz.ai used for detecting stroke using CT scans. 


Robotic Phlebotomy Systems: This is another game changer phlebotomy as it 
automates the process of blood drawing and analysis to improve patient comfort 
and error reduction. A good example of these is Veebot that uses ultrasound and 
image-guided technology to locate veins accurately. 


The coming robotic wave in healthcare will change the narrative in the area of 
phlebotomy as robotics will bring a level of perfection and precision during 


needle insertion procedures with the current development around autonomous, 
image-guided robotic needle insertion capabilities. Veebot Systems Inc is 
revolutionizing this experience by eliminating any form of guess work during 
needle insertion procedures (getting blood drawn or having an IV placed) using 
medical imaging (image guidance technology), computer vision, artificial 
intelligence (machine learning) and precision robotics to visualize and track a 
patient blood vessels, and to insert the needle with pin-point accuracy. 


The process of finding the perfect vein spot to pierce during blood sample 
collection or administering intravenous injection can be very painful to most 
patients. Veebot systems point and click technology will be applied in areas like 
IV Insertion, Blood Draw, Arterial lines, Biopsies, Vaccines, and Dialysis 
Catheter Insertion. This is help foster an improved diagnostic outcomes and a 
better patient care experience. 


TELEPRESENCE ROBOTS: 


InTouch Health’s RP-VITA: RP-VITA stands for “Remote Presence Virtual + 
Independent Telemedicine Assistant” which provide doctors with ability to 
directly interact with patients from anywhere in the world. 


Y 


Surgical Theater's Precision VR: Allows remote surgeons to assist in complex 
procedures using virtual reality. 


COGNITIVELY ASSISTIVE ROBOT 


CARMEN which is a Cognitively Assistive Robot for Motivation and Neuro- 
rehabilitation - a small, tabletop robot designed to help people with mild 
cognitive impairment (MCI) learn skills to improve memory, attention, and 
executive functioning at home. 


ROBOTIC RADIOTHERAPY 


Researchers from King's, with doctors at King's College Hospital NHS 
Foundation Trust, have successfully used a new robot system to improve 
treatment for debilitating eye disease. The custom-built robot was used to treat 
wet neovascular age-related macular degeneration (AMD), administering a one- 
off, minimally invasive dose of radiation, followed by patients' routine 
treatment with injections into their eye. 


Robotic radiotherapy (Robot radiotherapy could improve treatments for eye 
disease): 


ROBOTIC DENTAL SURGERY 


According to Dr Chris Ciriello, CEO and founder of Perceptive, “We’re excited 
to successfully complete the world’s first fully automated robotic dental 
procedure. This was achievable using its suite of fully automated dental 
technologies that 3D scan a patient’s mouth, use AI to analyze the scanned 3D 
volumetric data, and then employ a series of robotic arms and tools to carry out 
a tooth cutting procedure. This medical breakthrough enhances precision and 
efficiency of dental procedures, and democratizes access to better dental care, 
for improved patient experience and clinical outcomes.” Currently, Perceptive 
are developing a dental robotics system with a target of completing restorative 
procedures an order of magnitude faster and more accurately than any human. 


Image from www.perceptive.io 


Perceptive is therefore leveraging advanced imaging, AI and Robotics to 
redefine modern day dentistry with a 15 minutes time frame target to complete a 
restorative dental procedure. 


ROBOTIC HAIR TRANSPLANT 


Robotic hair transplant involves the use of robotic technology to assist surgeons 
in harvesting and implanting hair follicles. 


ARTAS® Robotic System: This robotic system uses advanced AI algorithms to 
identify and harvest the best hair follicles. It has been widely used in clinics in 
procedures like the automated follicular unit extraction (FUE). This robotic 
system has been used in Bauman Medical in Boca Raton, Florida in delivering 
natural-looking results for people who have experience hair with hair loss. 


ELDERLY AND HOME CARE ROBOTS 


My recent participation at the just concluded “RoboCup 2024” at Eindhoven, 
Netherland is a pointer to the future of what is to come in health and social care 
space as there was evidence of more innovative home care robots to assist the 
elderly at home. This was evident at the Robo-Home category where so 
different home care robots where being exhibited. 


Currently, we have seen innovative robotic solutions for the aging population 
like the Samsung’s smart home robots that helps you clean your house, the 
ElliQ3 robot designed for the older adults created by Intuition robotics. Figure’s 
humanoid robot that can watch, learn and perform task autonomously. Stanford 
university researchers also lunch the mobile ALOHA robot that learns from 
humans to cook, clean, do laundry and the Tesla Optimus robot with intelligence 
to fold clothes is still being developed to do more. Robear is currently making 
waves in Japan as it is being used for lifting and handling elderly patients. This 
will be a positive effort towards the global aging population. 


PARO Therapeutic Robot: A robotic seal used for therapy in elderly care, 
providing emotional support. 


DISINFECTION ROBOTS 


Xenex Germ-Zapping Robots: Xenex Germ-Zapping Robots which is a 
microbial reduction robot for healthcare environment that helps to break the 
chain of pathogens transmission. Xenex Germ-Zapping Robots uses the Ultra- 
Violet (UV) light to disinfect hospital rooms, thereby reducing infection rates. 


In the near future, we anticipate that autonomous robotic approach will reduce 
any form of infection risk during future pandemics as it helps to fight 
pathogenic transmissions without human contact in the process. 


PHARMACEUTICAL ROBOTICS 


Swisslog’s PillPick: The pharmaceutical subset in healthcare sector will also be 
part of the robotic wave. Swisslog’s PillPick; which is an automated drug 
management and dispensing system used in hospitals. 


RoboPharma: Pharmacy automation systems for efficient medication 
dispensing. 


MENTAL HEALTH SUPPORT ROBOTS 


The mental health space isn’t left out of this revolution as we now have Al- 
driven chatbot for mental therapy. A good example of this is Woebot by Woebot 
Health that provide cognitive behavioural therapy and mental health support. 
Another company making impact here is Catalia Health with their innovative 
work known as Mabu Robot, a sophisticated robot companion that uses daily 
conversations to give patients tips, medication reminders, and information on 
their condition while relaying relevant data to care providers. The information 
exchange can also take place on patients’ mobile phones. 


ROBOTIC HEALTH COACHES 


The healthcare space is currently witnessing the rise of socially intelligent 
robotic health coaches that assist healthcare workers with non-patient facing 
task. A good example is NAO robot and Pepper by United Robotics Group, 
Moxi robot by Diligent Robotics. 


These examples highlight the diverse and impactful ways robotics is being 
integrated into healthcare to enhance patient care, improve outcomes, and 
streamline medical processes. 
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Predicted in my one of my publications in January 2024 that AI will power 

many amazing robotic possibilities and how the impact will be felt across 

the health and social care sector. No doubt the future is usually 
unpredictable; however in this decade and in the decades to come, nothing will 
predicts the future like artificial intelligence and other emerging technologies. 
Beyond the current trends and examples of what have been shared in the current 
waves of how robotics is revolutionising the healthcare sector, I believe this is 
just the beginning of what is to come! 


Some school of thoughts believe that science is known spirituality while 
spirituality is yet to be known science. I believe more scientific and 
technological possibilities will soon be discovered and unravelled in the coming 
years! In the next decade, we will begin to unrivalled more and more unknown 
science which is still beyond our seen or known knowledge! Invincibility is a 
lot, intangibility is tangibility, and tangibility can be intangibility. Empty 1s not 
nothing! In truth there are a lot of weights beyond what the natural eyes can see 
(Olakunle Soriyan, Olakunle Soriyan, Global Thought Leader, Dreaming from 
the Future). 


For example, once upon a time, the internet was an unknown reality in the 
human world yet it was present in the universe until it was discovered. We don’t 
see the internet or even matters like gases yet we feel their impact. In truth, 
there is a lot in the invincible realm. Invincibility is a lot! I will have to stop 
here on this area because of the depth and weights around it. 


I believe that a reality like Artificial intelligence was once an unknown 
technological possibility that has just been unrivalled. Artificial intelligence is 
the driving force or software running modern day robots or robotic systems and 
it will create more miracles (ease, speed and relief) in the healthcare sector. 


Let’s have a glimpse from some power centres of what the next decade will 
look like. These are just some hints from the unfolding technological wave. I 
hope you catch the insights embedded in them with some of my explanations 
around some of them: 


This year, every industry will become a 
technology industry. 


Jensen Huang 
CEO of NVIDA 


...at the 2024 annual J.P. Morgan Healthcare Conference in San 
Francisco, California, USA 


Generative Al has the potential to 
revolutionize nearly every industry, including 
healthcare, finance, and education. 


Sam Altman 
President and CEO of OpenAl 


The world has changed and technology is the new software curating such change 
on different levels across all facets of life such as how we live, love, play, work, 
and die. This change will sweep across all sectors from healthcare, education, 
banking, manufacturing, commerce (e-Commerce and q-Commerce), fashion, 
media (social media), Religion, government (technocracy), politics etc. 
Emerging technologies (AI, Machine Learning, Robotics, VR, Blockchain, 
Quantum computing, etc) is about to change everything! In other words, any 


product, services, business, organization, or industry without any form of 
alignment with technology is not in the future. 


Let me further give some insight on the comment by the NVIDIA boss; using the 
healthcare space for example, over the years it was more of human to human 
interaction in healthcare delivery; soon we will begin to experience the use of 
technology (apps, virtual care, wearables etc) to deliver this. Before now, it was 
healthcare providers (hospitals) delivering healthcare services through 
technology but going forward, it will be healthcare providers becoming a tech 
company delivering healthcare through technology! (Olakunle Soriyan, Global 
Thought Leader at the NEXT365 Indaba January 2018). This is so according to 
TechCrunch with the rise of health tech start-ups with innovations like the 
Mediwhale”s Reti-CVD, an Al-powered retinal diagnostic solution that assesses 
the risk of cardiovascular disease (CVD) in patients while avoiding radiation 
exposure entirely. 


Dig into every industry, and you'll find Al 
changing the nature of work. 


Daniella Rus 
Roboticist and Computer Scientist, Director of MIT Computer 
Science and Artificial Intelligence Laboratory 


Whatever you are studying right now, if you 
are not getting up to speed on deep 
learning, neural networks, etc., you lose. We 
are going through the process where 
software will automate software, automation 
will automate automation. 


Mark Cuban 
American Businessman, Investor and TV presenter 


The next wave of Al is physical AI (Robotics). AI 
that understands the laws of physics. Al that can 
work among us, everything is going to be robotic. 
All of the factories will be robotic. The factories 
will orchestrate robots and those robots will be 
building products that are robotic. 


Jensen Huang 
CEO of NVIDA 


...at the Taiwan tech conference in Taiwan in 2024 


Robots are already performing intricate 
surgery-in tandem with humans (doctors) 
but also autonomously on pigs (for now). 
Such uses are just the beginning of a 
much more widespread robotic rollout. 


Mustafa Suleyman 
Co-founder and CEO, Inflection Al and DeepMind on “The 
Coming Wave 


A medical instrument is never going to be the 
same again. Ultrasound systems, CT scan systems, 
all kinds of instruments — they're always going to 
be a device plus a whole bunch of Als. The value 
that will create, the opportunities you create, are 
going to be incredible. 


Jensen Huang 
CEO of NVIDA 
...at the 2024 annual J.P. Morgan Healthcare Conference in San 
Francisco, California, USA. 


With the fusion of emerging technologies like artificial 
intelligence and robotics, we can imagine the future of 
healthcare to be largely characterized by what will be known 
as the Human-Machine Collaboration where human and 
machines (robotic systems and devices) will be integrated 
into different part of healthcare delivery to deliver effective 
and efficient healthcare possibilities. Robotics alongside 
others like synthetic biology and Artificial intelligence is 
among the new world order in healthcare. This is the new 
reality ahead 


Tosin Joseph 
Author, Robotic Intelligence 


The next decade will visit us with more advanced and unprecedented robotic 
innovations within the healthcare space. Brace up! 


ROBOTIC INTELLIGENCE 


PART 


ETHICAL CONCERNS 


TOSIN JOSEPH. 2024 


I'm increasingly inclined to think that there 
should be some regulatory oversight, maybe 
at the national and international level, just to 
make sure that we don't do something very 
foolish. | mean with artificial intelligence 
we're summoning the demon. 


Elon Musk 


..warned at MIT’s AeroAstro Centennial Symposium 


We are unlikely to face a robot rebellion in the 
coming decades, but we might have to deal with 
hordes of bots who know how to press our 
emotional buttons better than our mother, and 
use this uncanny ability to try and sell us 
something- be it a car, a politician, or an entire 


ideology. 


Yuval Noah Harari 
21 Lessons for the 21st Century 


Generative Al is a powerful technology that 
requires careful consideration and regulation 
to ensure that it is used for benefit of society. 


Sam Altman 
President and CEO of OpenAl 


The pace of progress in artificial intelligence (I'm 
not referring to narrow Al) is incredibly fast. 
Unless you have direct exposure to groups like 
Deepmind, you have no idea how fast—it is 
growing at a pace close to exponential. The risk 
of something seriously dangerous happening is in 
the five-year time frame. 10 years at most 


Elon Musk 


..wrote in a comment on Edge.org 


“We can’t replace empathy” — New Scientist — 2018 


n my thought leadership article in Medium.com on the “AI and the Big 
question on Intellectual Property Infringement, Privacy, Security, Safety, and 
Trust” (link here: https://medium.com/predict/ai-and-the-big-question-on- 


intellectual-property-infringement-privacy-security-safety-and-trust- 
75a7b9792582?sk=ec4d58c9bafc3ab3 1498 15418034a8b4) on October 21“, 


2023 I shared on the various issues and concern we will need to manage as we 
embrace the coming wave of technology. Within the short span of Artificial 
Intelligence, we have seen the rising concern on data privacy, security, safety 
and trust. This is still a concern within the policy space in government and it’s 
still an on-going concern. 


The McKinsey Global survey report on “The state of AI in 2023” already 
highlighted inaccuracy, cyber security, intellectual property infringement, 
privacy, security, safety and trust among the top ten generative Al-related risk 
areas that needs to be addressed with inaccuracy, intellectual property 
infringement and cyber security taking the lead as top three areas of concern. 


Robotics in healthcare also has some major ethical concerns as we continue to 
experience more innovative robotic solutions in healthcare. 


1. Autonomy and Consent: It's crucial that patients understand and consent 
to robot involvement in their treatment. The ability of robots to execute 
complex tasks raises questions about patient autonomy. For instance, 
decision-making by robotic systems or machines in patient care and the 
level of patient information and consent required for robotic interventions 
are critical. This needs to be looked into. 

2. Accountability and Liability: The cyber threat landscape is getting fiercer 
with all sort of Al-driven attacks. It's often ambiguous who bears 
responsibility when a robot or robotic system errs or malfunction; 
whether it's the healthcare provider, manufacturer, or software developer. 
Dealing with such liability issue in instances of robot-caused harm is a 
complex legal challenge. 

3. Data Security and Privacy: Privacy must be preserved in the age of 
artificial intelligence. Robotic systems are known to handle sensitive 
patient data which will require stringent protection against breaches and 
careful consideration of data usage and sharing. AI algorithms often 
require access to vast amounts of user data, raising questions about how 
that data is collected, stored, and utilized. Striking a balance between data 
utilization for AI system advancements and protecting individual privacy 
rights is a complex challenge. Implementing robust data protection 
measures, anonymization techniques, and giving individuals control over 
their data can help preserve privacy in the era of AI. 


4. Ensuring Safety in Al-powered Robotic systems: Al-powered advanced 
robotic systems particularly in critical domains like healthcare require a 
strong focus on safety. The potential for malfunctions and unintended 
consequences presents significant challenges. Implementing safety 
protocols, conducting thorough risk assessments, and continuously 
monitoring Al systems powering healthcare robotic devices are vital to 
minimize potential harm and ensure the safety of patients at large. 
For example, a misdiagnosis by an Al-powered robotic diagnostic tool 
could lead to incorrect treatment plans. Striking the right balance between 
innovation and safety through rigorous testing, validation, and regulation 
is crucial. Above all, robotic devices in healthcare settings must be 
thoroughly tested and validated to ensure they make accurate decisions 
and respond appropriately to unexpected scenarios. Additionally, 
regulations and standards need to be established to ensure the safety of AI 
driven robotic systems, minimizing the risk of accidents or harm to 
patients. 

5. Security (Cyber security): The coming wave in emerging technology will 
be greeted with more advanced adversarial attack. AI powered systems 
like the robots can be vulnerable to exploitation or manipulation by 
malicious actors. Adversarial attacks on AI systems can lead to misleading 
or harmful outcomes, compromising security. Hackers can also exploit 
vulnerabilities in AI algorithms to gain unauthorized access to sensitive 
data, jeopardizing user privacy and orchestrate some manipulations to 
produce incorrect functionality, which can have severe consequences on 
the patient during robotic medical procedures. Ensuring robust cyber 
security measures and developing AI systems with strong defences against 
attacks is crucial in maintaining a safe and secure AI landscape. 


Deloitte in an article in April 2023 “Securing government against 
adversarial AI” highlighted how venture capital funds have hugely 
invested more than US$230 billion into AI/ML companies from 2018 to 
2021, including almost US$90 billion in 2021. Interestingly, less than 
1% of this funding has been channelled toward AI/ML security research 
and infrastructure development start-ups. We should be increasing 
funding allocation to AI cyber security, as it will be a major factor that 
will sustain the advancement of AI in this new digital ecosystem. 


6. Quality of Care: The healthcare space is of course different from the 
transport sector or manufacturing sector where processes can be 
robotically automated with less human interaction, however the 
healthcare space has thrive better with human interaction. Robots may 
improve care efficiency and accuracy, but an overdependence on them 
could reduce essential human interaction in patient care. No doubt, robots 
cannot cover up the gap or the void that will be created human-centred 
care. They may also fall short in meeting patients" emotional and 
psychological needs. 

7. Equity and Access: Robotic systems’ high costs could restrict access to 
advanced healthcare for disadvantaged groups, worsening healthcare 
inequalities. Providing equitable access to robotic healthcare technology 
is an urgent ethical issue. 

8. Employment and Workforce Impact: Emerging technologies will 
definitely have it foot prints on the job market as far as work force impact 
is concern. Healthcare robots could replace jobs, especially those of 
lower-skilled workers, necessitating a balance between technological 
progress and its social and economic effects on the workforce. These 
dilemmas remain unresolved. Amazon and other big brands are already 
experiencing such impacts. 
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he upcoming robotics wave in healthcare presents a mix of challenges 
and opportunities for professionals and investors in the healthcare space. 
Below are several strategies you can use to position yourself effectively: 


For Healthcare Professionals: 


1. 


2; 


Up skill in Robotics and AI (Training, Certification and Continuing 
Education courses): Pursue specialized training or certification programs 
in medical or healthcare robotics, robotic surgery, AI in healthcare, and 
related emerging technology fields to stay ahead of the technological 
curve. You can go after some specialized trainings in medical robotics or 
robotic surgery, or AI in healthcare. For example, a medical doctor or 
surgeon can scale up by going for specialized training on how to use or 
operate robotic arms to carry out minimally non-invasive surgery. This is 
important as we have seen different use of robotics in performing 
different surgeries such as heart, lungs, hip replacement, eye etc. Medical 
doctors and other allied medical professionals need to pay attention to 
these specialized trainings. Positioning is important in these areas as a 
fellow professional colleague who is trained or has knowledge on AI and 
medical Robotics will have an edge. Engaging in continuing education 
courses on the integration of robotics in clinical practice, the capabilities, 
risk and limitations within this knowledge space will be of great career 
advantage. 

Embrace Telemedicine and Remote Monitoring (Borderless 
healthcare): Proficiency in telehealth is important as gaining knowledge 
and developing skills in telemedicine is crucial. Robotic technologies in 
healthcare often time are integrated with remote monitoring technologies. 
For example, the first-of-its-kind remote robotic surgery was carried out 
by a Chinese doctor in Rome while the patient is in far way location in 
Beijing. This was made possible via remote monitoring technology. This 
is a clarion call for all medical professional to get familiarized with 
emerging robotic tools for borderless or remote diagnostics and patient 
monitoring. Remote work is the next big thing and it’s gradually finding 
its feet in the healthcare space. 


For Researchers and Academia: 


1. Research and Development Opportunities: The coming robotic wave 
will open up so many research opportunities for researchers and academia 
in diverse topical areas in medical robotics such as: 
A. Research on human-robotic interaction in healthcare: Research 
study to investigate interaction between medical practitioners, the 
patients and robots 
. Research on Ethics, Safety, and Regulation in Medical Robotics 
. Research on Cost-Effectiveness and Accessibility of Medical 
Robotics 

. Research on Robotics in Elderly Care and Assisted Living 
Research on Nanorobotics systems and Targeted Drug Delivery 
Research on Robotic Prosthetics and Orthotics 

. Research on advanced exoskeletons and wearable robots 

. Research on Al and Machine Learning in Medical Robotics 
Researching on the integration of robotic systems with 


Q W 
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telemedicine platforms to enable remote surgeries in underserved 
or remote locations 

J. Research in investigating methods to reduce latency and improve 
the reliability of communication networks used in tele-operated 
robotic surgeries 

K. Research on robotic tools that can navigate the human body with 
minimal trauma, improving the outcomes of minimally invasive 
procedures 

L. Research on developing ultra-precise robotic systems for 
microsurgical procedures, such as neurosurgery, eye surgery, and 
reconstructive surgery. 


Patient Education on Robotics 


1. Patient Education: Educate patients on the benefits and safety of robotic 
technologies, helping to build trust and reduce anxiety associated with 
new treatments. 


For Investors: 


1. Invest in Emerging Robotics Start-ups or Companies: Identify and 
invest in promising early-stage start-ups that are developing or creating 


innovative cutting-edge robotic technologies for healthcare services, such 
as surgical robots, rehabilitation robots, elderly care robots and robotic 
diagnostic tools. 


. Investment in Cross-functional Healthcare Robotics Ecosystem: 
Investment in robotic companies is not the only opportunities, but 
investment in other affiliated expertise area like supply chain, component 
manufacturers, software developers and programmers, automation 
experts, and data analytics firms specializing in healthcare robotics. 

. Cross-Sector Opportunities: Explore opportunities across sectors, such as 


biotechnology, medical devices, and healthcare IT, where robotics and 
automation can have a significant impact. 

. Funding Research and Development: Invest in research and 
development initiatives aimed at improving robotic technologies and their 
applications in healthcare, which can lead to innovative products and 
services. 

. Social Impact Investment Opportunities: Explore opportunities in 
companies that are committed to improving access to healthcare through 
affordable robotic solutions, particularly in underserved markets. This can 
be a good corporate social responsibility scheme. 

. Regulatory and Compliance Opportunities: Robotics will open doors of 
job opportunities for firms and professionals in the Governance, Risk 
and Compliance (GRC) space or cyber security space who have strong 
regulatory and compliance teams or expertise that can navigate the 
complex approval processes for medical robotic systems. For example, 
the healthcare sector is known to handle sensitive patient information and 
this is a clear need and opportunities for data privacy and security 
professionals. No doubt, healthcare robotics will definitely involve 
sensitive information. The wave of emerging technologies is a huge 
concern in the area of safety, security, and risk and data privacy and there 
are yet to be regulatory frame work to manage these new technologies. 
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The coming decade holds many possibilities with emerging technologies. The 
coming wave of physical Al also referred to as robotics in the healthcare sector 
comes with so much possibilities, opportunities and challenges. As we take 
advantage of the speed, ease and improvement this technological advancement 
brings to the fore in healthcare, I believe there is a need for a collaborative 
effort in managing the risk associated with it. 


This is a clarion call for all players like investors, healthcare providers, tech 
firms, technologist, researchers, security experts, policy makers and government 
regulatory bodies to come together in crafting a sustainable regulatory 
framework that will help provide security, safety, data protection and privacy in 
the course of deploying robotic systems in the healthcare sector. 


Above all, the robots are coming...BRACE UP! 
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